Purpose-To determine whether behavioral functioning of 4.5-year-olds differs between two treatments for unilateral cataract and whether behavioral functioning is predicted by visual acuity in the treated eye.
those with no socially noticeable strabismus. 3 In the only published study addressing this issue for children with deprivation ambyopia, 4 22 children treated for unilateral congenital cataract (UCC) were compared to a control group of 18 siblings. No group differences were found for developmental or behavioral problems. 4 Interpretation of these findings is limited by small samples, variability in age, interval since patching was discontinued, and failure to assess patching compliance. Nevertheless, clinicians are encouraged to consider the social impact of amblyopia therapy in making treatment decisions. 5 Randomized clinical trials have used a parent-completed questionnaire, the Amblyopia Treatment Index, 6, 7 to assess the effect of the treatment on the child's quality of life. 8, 9 Preschool children treated for UCC may be at risk for behavior problems due to the burden of the patching regimens, to the cosmetic effects of strabismus, to perceived negative social attention, and/or to child or caregiver frustration related to the impact of vision impairment on functioning. Children in the Infant Aphakia Treatment Study (IATS) had delayed motor skills at 4.5 years of age, 10 and the importance of motor functioning to children's social interaction has been well documented. 11 The IATS is a randomized, multicenter trial comparing treatment of aphakia with a primary intraocular lens (IOL) or contact lens (CL) in 114 infants with initial surgery between 1 and 7 months of age for unilateral cataract extraction. Those treated initially with an IOL required additional surgeries and had more adverse events, primarily in the first year after surgery. 12 The aims of this study were to determine whether there were differences in behavioral functioning between the treatment groups at 4.5 years of age and to examine the extent to which behavioral functioning is predicted by visual acuity. Multivariate analyses control for demographic variables, age of surgery, patching compliance, and caregiver stress, because these variables have been associated with behavioral functioning or visual acuity.
Methods
Information about the design and clinical measures of the IATS has previously been published. 13 Only elements relevant to study aims are described here. The study was approved by the institutional review boards of all participating institutions.
Study Design
Children with an IOL were prescribed spectacles for residual refractive errors of >1 D hyperopia, >3 D myopia, or >1.5 D astigmatism. Aphakic children were prescribed a contact lens to be worn when awake. Aphakic children's refractive status was assessed at regular intervals, and they were prescribed new contact lenses when their refractive errors changed. Patching of the phakic eye was prescribed for all patients: 1 hour daily per month of age until 8 months of age, and thereafter, 50% of waking hours. the 4.25-year visit and were included in analyses only if the same caregiver who competed the CBCL at the 4.5-year visit also provided caregiver stress data.
Assessment Procedures
Monocular recognition acuity was assessed using the Amblyopia Treatment Study HOTV test, as described in previous publications. 14 Visual acuity measures were translated into logMAR values; a logMAR of 2.93 was assigned to children with no light perception. Binocular alignment, including manifest tropia and any latent deviation, was assessed. Children were categorized as orthotropic or strabismic.
Patching compliance was assessed using a retrospective telephone interview every 3 months and an annual prospective diary, Diaries were completed 2 months after surgery and at 14, 26, 38, and 50 months of age. The interviewers were located at the data coordinating center to minimize the possibility that the respondent would exaggerate their adherence or that the interviewer would be biased by knowledge of the child's visual acuity. The information from caregivers' diary and telephone interview reports were used to calculate the average number of hours per day that the patch was worn during the year preceding the 4.5-year visit.
Child behavior problems were assessed with the CBCL/1.5-5, which consists of 99 items that respondents rate from 0 to 2 for the child (not true, somewhat/sometimes true, very/ often true) over the past 6 months. The CBCL yields 2 broad, factor-based scores, a Total Problems score (T score) and 7 empirically derived syndrome scale scores. Four of the syndrome scales (Emotionally Reactive, Anxious/Depressed, Somatic Complaints, Withdrawn) comprise the Internalizing factor; 2 (Attention Problems, Aggressive Behavior), the Externalizing factor. Raw scores are converted to T scores based on the norms for the child's age and sex. A T score of ≥70 on the syndrome scales (>97th percentile) is in the "clinical range," suggestive of an internalizing or externalizing behavior problem. T scores corresponding to the clinical range (T score ≥64, >90th percentile) are lower for the Internalizing, Externalizing, and Total Problems scales because these broad scales encompass more numerous and diverse problems than each syndrome scale. 15 Caregiver stress was assessed with the Parenting Stress Index (PSI), 16 a 120-item self-report measure yielding a Child Domain score, a Parent Domain score (with subscales of Competence, Isolation, Attachment, Health, Role Restriction, Depression, Spouse), and a Total Stress score. The PSI is interpreted via age-based percentile scores derived from the frequency distribution of the normative sample. The PSI has established reliability and validity, 17 and adequate internal consistency reliability for the IATS sample during the first 2 years of life. 18 Given the conceptual overlap between Child Domain scores and the CBCL, only Parent Domain scores were used in the analyses.
Statistical Methods
The data were tested for normality by computing z scores for skewness and kurtosis (α = 0.05). 15 CBCL raw scale scores for syndrome scales were used in analyses rather than T scores to take into account the full range of variation in these scales, although T scores are presented in Table 2 for descriptive purposes. Means and standard deviations of raw scores were calculated for each of the syndrome scales by sex. These were then used to calculate standardized scales (mean = 0, standard deviation = 1) for boys and girls, separately. T scores are not truncated for the broad band Internalizing, Externalizing and Total Problems scales; analyses using T scores for these scales yield results similar to analyses using raw scores 15 and allow for inclusion of scores for both boys and girls. Therefore, T scores rather than raw scores were used in analyses of broad band CBCL scales.
The Fisher exact t tests were conducted (α = 0.05, two-sided) to test for group differences in demographic variables and CBCL scores. Nonparametric statistical tests (Spearman's ρ) were used to assess the bivariate relationships between CBCL scores, demographic variables, patching, and the continuous measure of visual acuity (logMAR values) because of the skewed distribution of the data and because of the visual acuity values assigned for patients with low vision. Visual acuity of the affected eye was also dichotomized (0 = 20/200 or worse, 1 = <20/200), given that 20/200 is the accepted cutoff for determination of legal blindness in the US. Pearson correlation coefficients were used to assess relationships between dichotomized visual acuity and hypothesized covariates. Regression analyses were conducted to evaluate the contribution of dichotomized visual acuity to the three CBCL summary scores, controlling for demographic and medical variables also related to CBCL or visual acuity. Because patching data were available for only 96 participants, regression analyses were conducted with and without this variable. The regressions were then repeated for the subset with both patching and PSI data, with Parent Domain scores added to the independent variables. A final regression model utilized multiple imputation 19 to account for missing data in patching and parenting stress variables.
Results
Baseline clinical characteristics of patients in the IATS have been previously published. 20 Of the 114 patients enrolled (Figure 1 ), 112 had vision testing and CBCL data. Three cases were removed from the analyses, because these patients had nonocular medical conditions that might affect perceived behavior. Of the remaining sample of 109 children, 56 had been randomized to the CL group and 53 to the IOL group.
The sample was 52% female and 86% white; 34% of the caregivers reporting that they received Medicaid. Caregivers were primarily mothers (84%), ranging in age from 21 to 46 (mean, 33). The majority of caregivers (74% mothers, 69% fathers) were reported to have vocational training, some college, or a college or graduate school degree. Children underwent cataract surgery at 28 days to 6.83 months of age (mean, 2.47 ± 1.61 months). Visual acuity in the treated eye ranged from −0.22 logMAR (20/12) to no light perception (mean, 1.06 ± 0.83; median, 0.90); almost half had vision 20/200 or worse. Visual acuity in the fellow eye ranged from −0.22 to 0.70 logMAR (20/12 to 20/100; mean, 0.11 ± 0.14; median, 0.10); 89% had acuity better than 20/40. Twenty-seven percent had orthotropic ocular alignment. Patching data were available for 96 participants. Per caregiver report, children were patched 0-10 hours daily (mean, 3.22 ± 2.50 hours) during the preceding 12 months.
acuity of either eye. There were no significant group differences in CBCL broad band or narrow band standardized scores (Table 1) . Therefore, the groups were collapsed for subsequent analyses. CBCL T score means were in the average range; 2%-6% had Internalizing, Externalizing, or Total Problems scores in the clinical range, consistent with the CBCL normative sample ( Table 2) .
Spearman correlations between logMAR values and CBCL T scores were 0.17 for Internalizing Problems, 0.24 for Externalizing Problems, and 0.22 for Total Problems. Pearson correlation coefficients for the dichotomized visual acuity values, CBCL broad band T scores, and all other variables are given in Table 3 . Higher Externalizing Problems and Total Problems scores were weakly associated with worse visual acuity and strongly associated with higher levels of caregiver stress. Better visual acuity was weakly associated with greater maternal education, absence of Medicaid status, younger age at surgery, more hours patched, and lower levels of caregiver stress.
Given missing data for maternal education and the moderate correlation between maternal education and Medicaid status (r = 0.44), only the Medicaid variable was retained for the regression analyses. A regression model with visual acuity, Medicaid, and age at surgery accounted for 8.7% of the variance in Externalizing Problems, with visual acuity contributing unique variance (t = −2.52, P = 0.013 [n = 109]). For T scores, visual acuity contributed unique variance whether number of hours patched was included in the independent variable list (t = −1.95, P + 0.054 [n = 96]) or not (t = −2.18, P = 0.032 [n = 109]), again accounting for a relatively small portion of the variance (9.4% with patching, 6.8% without). Internalizing Problems scores were not uniquely predicted by visual acuity in any of the regression models.
When Parent Domain scores were added to the independent variables, visual acuity did not significantly predict any of the CBCL summary scores. Regression models including Parent Domain scores accounted for a higher proportion of the variance in the CBCL: 30% of Externalizing Problems scores and 36% of T scores. Parent Domain scores and age at surgery each accounted for significant variance in Internalizing Problems scores; higher levels of caregiver stress and later age at surgery predicted greater caregiver-reported internalizing problems. The only independent variable contributing unique variance in Externalizing and T scores was caregiver stress. Table 4 shows the results of regression analyses for Total Problems. With multiple imputation, both caregiver stress and dichotomized visual acuity emerged as significant predictors, but only for Externalizing Problems (visual acuity: t = −2.01, P = 0.047 [n = 109]), with all variables accounting for 29% of the variance. Otherwise missing data had little impact on the results.
Discussion
For the IATS sample at age 4.5 years, caregiver-reported behavior was in the normal range, and there were no significant differences between children treated with an IOL versus those treated with CL. Poorer vision in the treated eye was weakly associated with attention problems and aggressive behavior, and with total behavior problems even when the influence of Medicaid status, earlier age of surgery, and patching compliance were simultaneously considered. However, when caregiver stress was included as an independent variable in the regression equations, visual acuity no longer predicted behavioral problems, except when multiple imputation was used.
Caregiver stress was the strongest predictor of behavioral functioning for the IATS sample at 4.5 years of age. This finding is not surprising, as caregiver stress is related to child behavior problems for typically developing children. 21 Moreover, the association between caregiver stress and child behavior problems could be due to common method variance or to an unmeasured third variable, such as family support, caregiver depression, or child temperament.
If the contribution of visual acuity to child behavior problems is better captured by caregiver stress, a number of explanations are possible. Caregivers' knowledge of poor visual acuity in the child's treated eye and vision-related functional impairments may cause anxiety that leads to perceptions of greater behavioral problems in their children, given the negative reporting bias conferred by maternal stress. 22 Alternatively, caregiver stress during the child's early years could have contributed to inconsistent patching, leading to poor visual acuity and related functional impairments, which could lead to behavioral problems. Poor visual acuity makes patching efforts more stressful for caregivers, potentially yielding similar outcomes. If poor visual acuity is independently associated with behavior problems, as illustrated by the multiple imputation models, the underlying mechanism might be the child's frustration while patched or active opposition to the occlusion treatment. Consistent adherence to a prescribed patching regimen is difficult in the context of poor child cooperation.
Visual acuity was not related to internalizing behavioral problems among the IATS sample.
Reduced visual acuity may be unrelated to emotional reactivity, anxious/depressed behavior, somatic complaints, or social withdrawal during the preschool years and still lead to these behaviors later in childhood, when children develop greater self-awareness, social comparison skills, and abstract thinking.
The primary study limitation is the small sample, resulting in limited power to conduct the multivariable analyses required to tease apart the mechanisms underlying the associations between visual acuity, child behavior, and caregiver stress. Another limitation is that caregiver stress data were collected at a different time than visual acuity and CBCL data. Given the relative stability of the PSI over intervals of 3-12 months, 17 however, it is unlikely that PSI scores at 4.5 years would have differed greatly from those collected at 4.25 years. Finally, in the absence of a comparison group of children who have not undergone treatment for UCC, it is unclear to what extent increased behavior problems among children with poor visual acuity in one eye are due to occlusion treatment or to other factors.
Caregiver-reported behavioral functioning was in the normal range for the IATS sample at 4.5 years, and there were no significant differences between children treated with an IOL versus those treated with CL. Preschoolers with visual acuity 20/200 or worse in one eye following treatment for UCC may be at increased risk for behavior problems, compared to those with better visual acuity, although the causal pathways underlying this relationship remain unclear.
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